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HIMOLUCTION

This report reviews the progress made on the development of a hydrogen-
oxygen (12-07) regererative fuel cell (sceondary battery) under UASA

Contract TTAS3-2781 during the peried 1 lay 1967 through 1 June 1967.

3

During this perioed, priuwary eunph

"

g5, was placed on the testing of
sin;le cells with ratrix structures 6f potassiun titanate and teflon.
Refercnce cells were assornbled and tested. & sin-cell unit was tested.
Fabrication has begun on the 28-volt 500-watt Flight Trototype Fuel

Cell assembly.

C4110-31-36 Lo
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SECTION 2 "

TECHNTCAL DISCUSSION

2.1 SITGLE CHLL TESTS

Eizht single cell tests were conducted durinz this period to cvaluate
natrix and electrode configurations. Test results and construction

variabiecs of these cells are swmarized in Table I1.-
2.1.1 SIIGLE CELL MATRIX TESTLIG

A 35-nil K7 and teflon®composite membrane was fabricated using the

same techniques usced in cells 262 and 264 then sandwiched between two

35-mil i’f-asticstos mats. This matrix contained 65 gm of 39.7 percent
101 and was iustalled with a 00-mil ¢pacer in cell 206. 7The cell con-
tained the usual ECS-Amcrican Cyanamid electrodes. The cell has run

a total of 745 cycles and the test has been discontinued. As can he
seen in Fiz. 1, the performance was good, above (0.7 volts ou discharge,
for over 690 cveles and the degradation was slow. After cycle G660

the deyradation in porformance was more obvicus. Testing was discon-
tinued aflter 745 cyvcles. Upon disassembly it was observed that part

of the IT-teflon conposite membrane had lost its latex property and
appeared to have weconie hard, densely jpacked particles forminz a struc-
ture like a porous brick. A KOE analysis showed a flnal concentratio '

1

of 35 percent ", Thoe desralation iu perfcrimance may have been cause

KBS

by the asbestos presant in the mats. The elcctrolyte censunption was

too small to affect p

Q

riormance. Dissolved asbestos in the catalvst
ceaction sites might be a facter., This cell, howevar, did not contain

an optinuwn electrolyvte matrix spacing arrancement and the perflormance

nay lave been affected by a jradual displacement of electrelyte.

|e]

4110-20,-36
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A matrix was wade by ferming a rolled 0.030 IY-teflon composite on cach
side of a mewmbrane (50 percent T-50 percent teflon pasted on 100 mesh
screen). The matrix was asscubled in cell 269 with a 0.060 spacer and
56.1 gm of 40 purcent NOi#. Doth the FCS and Cvaramid electrodes were
used in a previous cell. 7The cell has run 390 ;ycles to date and the
performance is exccllént, abo&e 0.85 volts. As can be scen in Fig; 2
there has been little degradation in performance. The test s still

—

in progress.

A pressed composite natrix was fabricated with K27, asbestos aund teflon

and successfully lab tested. Another matrix C.000 inch thiclt was

Pt

fabricated. t was assembled in cell Ho. 274 with 47.0 gm of 4C.3
percent KOH electrolyte and a 0.050 inch spacer. The EOS Cyanamid
electrodes have been Lfed in previous cells. The cell Las run a total
of 292 cycles and is still cyecling. T¥igure 3 shows that to date the
performance has been most excellent, 0.9 volts and above. The depra-
dation has been slisht.  The performance may have been helped by the
closey siaciag, ©.050 incl.. .

2.1.2 H, COMNCIRTIATION CILL

Cell 265 is a cycling hydrogen concentration cell. Tt contains two
EOS Hz electrodes and has a 50 percent 1ir-50 percent teflon menbrane
sandwiched between two 90 percent KI-10 percent ashbestoes mats. All
the f was treated in 100°C 101 for one hour and washed with distilled
Hzo. The matrix contaius 40 gm of 39.7 pevcent [[0i. A 60-nmil spacer

is being used. The cell vas flushed with I, gas then 150 psi of I,

was introduced. A cvcle of 18 amp charge for 35 minutes was set up.
The cell has run 1223 cycles to date, and is still running. Tigure 4
shows the perfeormance. The voltage has slowly risen to 0.325 volts

and may stalilize.

A110-211-36 ' 6
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2.1.3 RERZICE CELLS

In order to characterize the American Cyananid and EOS clectrodes used

in the EOS fuel cell, refcerence cell testing is being continued. , Cell

271 contained an ABC Anerican Cyaunamid oxyszen clectrode and a standard

EOS electrode {(of TU ng Ft/cuz). The matrix wvas made of a pasted KI-
teflon men rane scanduiched letweon two 90 perceat 1T and 10 percent
asiestos mats. On cach side of the membrane was placed a mercuric
oxide (i1yC) refercnce electrede.  The reference electrodes consisted
of nickel scroers on which g0 powder was pressed. Hach screen had

re spot welled on one end; the wire was fed out through the
€G-mit insulating sypacer. Deference cell 271 ran two cyeles then bejan
e, The cause cculd not be determined by visual inspee-
tion.
Anothior reference cell, to. 272, was built in the same macner as above

and failed in lile manner.

Pefersnce cell Yo. 273 was built in the same macner as above. This
cell ran 30 eveles befcre it failed to hold a charse. Figures 5 and
6 show the charse and discharge polarization curves for this cell.

These curves are tyvpical when compared to previous reference cell data.

Another reference cell, MNo. 275, was built ‘in the same manner as an

This cell performed for 43 cycles before it failed to retain a cuarge.

Since this type of matrix arrangement has successfully denwovstrated
long cycle life without cross gas lealiage in regular cveling tests,
the inclusion of the reference electrode must he causing the cross

e

gas leakage. This may result from the depressions caused by the

reference wvires which are fed into the cell through the matrix. In

the future, attempts will be made to use thinner wires.

4110-10.- 136 , 10
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2.2  SDUCELIL TESTTIG

A six cell unit, Mo, 100-13, was assenbled during the last report pe-

Y

riod. The 0, electrodes were American Cyanamid AB-CG tvpe, and the i

) c 2
electredes were E0S 25 ng Pt/ert carvbounyl nicliel plaques.

1

Jhie matrixes
consisted of 50 percent KI-59 percent teflon pasted menbrane sandwiched
between two 90 percent KT-10 percent ashestos mats. Forty gm of 40

percent KOl was added to the matrixes and 60-mil spacers were used.

As can be scen in Fig. 7, the cell ran well with no degradation for
235 cveles. ear the end of charge at cycle 236 the cell pressure
rese from 5590 psi to 450 psi in lees than a sccond. The cell veltace
rapidly fell to zero. When talien apart, it was evideut the cell stach
was danaged by an extremely fast vecombination of the gases. Upon
inspection the cause cf failure was found in the I', end plate. As

can be scern in Fig. 8, a photograph of the end plate, at the spot the

arvew indicotec  the inside sealing edze of the late is warped v o,

The warpaze is a swelling caused by the formation of magnesium oxide
from exposcd magnesium and KCiH. The swelling forced the end plate and

bipolar plate apart, eventually alloving the gases to rapidly mix and

w

recombine. This plate had been previously used and rewerked by patching

holes in the nickel plate with silver epoxv, then plating gold over the

patch.

Fipure € shows that not one of the patches held and cerrosion occurred
at all the spots repairad. Another siw-cell unit will be built and

tested as soon as new hardware is obtained.

2.3 MATDIX FAPRICATICY 4D SCLER

. Trem

Tabrication of composite matrixes using 7, asbestos and teflon pressed

together was cxplored during this period. Table I7 summarizes the

4110-2L-36 . . 13
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screening test results. Sample -1 is the standard sandwiched matrix
i)

used in many of the current tests. Sample MN-2 is a standard 90 percent
ET/10 percert teflon matrix. The bubble~throush pressure of 15 psi

fer the matriz (1) and S psi for the mat ((-2) along with the respec-
tive resistivity data give a baseline to compare the new structures
with., Samples 3;3 and -4 are the T, asbestos, teflon composites.

The variat:le in falrication is that sample -2 was unprvssed. T
presscd matrin demoustrated the superior bubble through test of 20 i,
The unpressed natrix cave a result of 10 psi which is belou that of
the sandwiched matrix but better than the pressed 1D/ /asl ostes, nat

Y

(C&=2). A presscd matrix similar to sample ¥-3 is currently being

used in cell Mo, 274 with excellent results.

2. PLATIINY ATATVETE &0 0, CONCIITTEATTION CIYIS

—

To deteruine whether platinum migration occurs by some soluble form
into the matrix where it is reduced by hydrogen, the following test

was performed on cells 1jo. 252, 257 and 260. The cells were f{lushed

with O? cas, tien 150 psi of O2 gas was introduced. A cycle of 18 amps

forward charge for 35 minutes and 18 amps reversce charge for 35 minutes

was set up. At the end of 57 cyeles the cell was shut down and purged

with 1, gas. 150 vsi of 1

i, ¢ gas was added to the cell and it vas left
—~—

2
on stand feor 24 hours. At the end of this period the cell was disas-
sembled and the membrane aralvsed for platinum. The results are as

follows:

2
Cell 252 0.115 mg Pt/cm
Cell 257 0.0088 mg Pt/cm2
Cell 260 G¢.0036 ng P;/cm2

The results shou a definite transfer of platinum. The reverse cycling

in the O,

Fa

concentration mode is extreme and mav not represent what is

4110-210.-36 17
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occurring in a functioning fuel cell. Additional platinum analysis
will be done on the longer life cells in order to establish a quanti-

tative basis to evaluate this problen.
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" PLANS FOR THE LEXT PERIOD

Sinzle-cell cvelins tésts and lab screening will be continued to eval-
(&} i o 9 <Q )

vate 1T matrixes of different total weight, electrolyte-to-rmatrix
weiszht ratics, tﬁickﬁcsscs, compression ratics, and additions of as-
bestes teflon, polypropylene, and other fibers that can improve the
structure of tlhe matrix. Another reference cell will be assembled

and cycled. Fabrication of the 34 cell unit will continue.

4110-17.-36 19



